Our results support that infection with hepatitis C in patients with glomerulonephritis is associated with an increased risk of progression of CKD. Prospective studies are required to confirm these observations.
Introduction
Recent National Health and Nutrition Examination Survey (NHANES) data demonstrates the prevalence of hepatitis C antibody-positive persons in the United States is 1.3-1.9%, with a peak prevalence of 4.3% in persons aged 40-49 years [1] . In addition to liver manifestations of hepatitis C, the viral infection has been linked to many extrahepatic manifestations including glomerulonephritis. Initial reports linked hepatitis C with membranoproliferative glomerulonephritis (MPGN) and mixed cryoglobulinemia, [2] [3] [4] , but subsequent reports also demonstrated an association with other pathologies, most commonly focal sclerosing glomerulosclerosis (FSGS) [5] [6] [7] .
Additional studies have revealed that the prevalence of hepatitis C virus (HCV) infection in developed countries is higher in patients undergoing dialysis [8] and in patients with chronic kidney disease (CKD) [9] than the general population. In our previous study, using a community hospital clinical database, we found that infection with hepatitis C was not associated with an increased likelihood of developing CKD [10] , similar to studies using the NHANES database [11] . In an analysis using the Veterans Administration medical record system, hepatitis C was also not associated with a risk of developing CKD. However, hepatitis C was associated with an increased likelihood of developing end-stage renal disease (ESRD) in patients with CKD stage 4 [12] . These differences highlight our incomplete understanding of the role of hepatitis C in CKD.
In the present study, we hypothesize that hepatitis C infection increases the rate of progression of CKD in patients with biopsy-proven glomerulonephritis, and the underlying type of renal pathology may impact this relationship. To test our hypothesis, we evaluated patients with glomerulonephritis to determine if the hepatitis C positivity at the time of biopsy independently determined the rate of CKD progression, ESRD or death.
Methods
Subjects were identified from billing records of all kidney biopsy reports by pathologists (Drs. Carrie Philips, Stephen Bonsib and Moo-Nahm Yum) at Indiana University between January 1, 2001 and December 31, 2004. A total of 379 biopsy reports were identified, and the final cohort consisted of all subjects who had glomerulonephritis, excluding all transplant biopsies, biopsies done on subjects on dialysis or those with an indication for biopsy of acute renal failure. 116 subjects then had additional information extracted from the electronic medical record and additional inclusion/exclusion criteria applied. Subjects must have had a creatinine at the time of biopsy, and at least one follow-up creatinine. In addition, subjects with an aspartate aminotransferase (AST) or alanine aminotransferase (ALT) level greater than 200 U/l were excluded to minimize any impact of acute liver toxicity on creatinine. The final cohort consisted of 111 patients that had one of the following four biopsy diagnoses: diabetic glomerulosclerosis/nephropathy (DN), FSGS, MPGN and IgA nephropathy (IgA).
Subjects were divided into three groups: hepatitis C-positive, hepatitis C-negative and hepatitis C not tested at any time prior to the kidney biopsy. A positive hepatitis C test result was defined as a positive antibody result by third generation ELISA with or without PCR confirmation. Potential confounders of the relationship between hepatitis C and CKD were evaluated by chart review of baseline data and included age, gender, race, biopsy diagnosis, use of either angiotensin-converting enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB), creatinine, hemoglobin (Hgb), HgbA1C, mean arterial pressure (MAP = 2/3 diastolic BP + 1/3 systolic BP), liver transaminases (ALT, AST), number of creatinine checks, number of overall clinic appointments and number of renal and liver clinic appointments (beginning with the biopsy date until the final creatinine available as of study endpoint). The information closest to the time of the biopsy was utilized as long as it was within 30 days before or after the biopsy, with the exception of hepatitis C results, and use of ACE-I/ARB which were evaluated up to one year before or after the time of biopsy to make sure we captured the assays and use. Creatinine checks at multiple visits were evaluated for use in the longitudinal analyses, with a brief review of clinic notes and other lab tests to make sure the creatinine was not due to some acute intervention, hypotension or other clinical change. Subjects were followed until the last appointment in the clinical database, dialysis initiation, endpoint of study (December 31, 2006) or death.
Statistical Analyses
Demographic, laboratory, and biopsy results were first compared among the three hepatitis C cohorts (positive, negative and not tested) by ANOVA or Pearson 2 tests, unless the expected counts were less than five in which a two-sided Fisher's exact test was used. To determine the association of hepatitis C with the risk of developing ESRD or dying, the time to event (ESRD or death) was analyzed using Kaplan-Meier estimates with statistical comparisons among hepatitis C status made using the log-rank test. Univariate Cox proportional hazards regression was used initially to test the relationship between hepatitis C status as well as other covariates and the outcome of ESRD or death. Hepatitis C status was then adjusted for potential cofounders (baseline creatinine or MDRD, biopsy, age, use of ACE/ARB, blood pressure and hemoglobin) in a stepwise manner in multivariate Cox proportional hazards regression models. We also evaluated the effect of hepatitis C status and underlying pathology by biopsy on the slope of the change (time effect on creatinine value) in creatinine using a repeated measurement ANCOVA adjusting for the covariates: baseline age, gender, race, MAP, use of ARB/ACE and hemoglobin. All the analyses were conducted using SAS 9.1.
Results
The final cohort consisted of 111 patients: 23 patients tested positive for hepatitis C (20.7%), 68 tested negative for hepatitis C (61.3%) and 20 were not tested for hepatitis C (18%) within one year before or after the date of the biopsy. The demographic and laboratory studies for each of these three groups are shown in table 1 . The hepatitis Cpositive subjects had higher liver transaminases (AST and ALT, p = 0.010 and 0.024, respectively), were more likely to be African American (p = 0.031) and were followed for the least number of days (p = 0.007). Otherwise, there were no significant differences between the three hepatitis groups ( table 1 ) . Out of the 111 biopsies, there were only four different histologic diagnoses: DN (n = 53, 47.7%), FSGS (n = 29, 26%), MPGN (n = 2, 1.8%) and IgA (n = 27, 24%). Out of the 23 patients with a positive hepatitis C test, 11 (48%) had DN, 9 (39.1%) had FSGS, 2 (8.7%) had MPGN and 1 (4.4%) had IgA. Hepatitis C-positive subjects were more likely to have DN or FSGS on biopsy (p ! 0.001).
Of the hepatitis C-positive patients, 16 (69.6%) progressed to ESRD or death (15 ESRD and 1 death) and 7 (30.4%) did not (p = 0.002). By univariate Cox analyses, baseline creatinine or MDRD, biopsy, age, use of ACE/ ARB, blood pressure and hemoglobin were all associated with the risk of ESRD/death at p ^ 0.1 and are included in the model. Table 2 shows the results using both creatinine and eGFR by MDRD. Being hepatitis C-negative compared to hepatitis C-positive was associated with a 0.46 reduction in risk of ESRD or death regardless of whether creatinine or eGFR by MDRD was utilized. The relationship persisted after adjustment for baseline creatinine, underlying pathology by renal biopsy, age, gender, race and use of ACE/ARB. However, the further addition of either MAP or hemoglobin increased the confidence interval and was nonsignificant with some differences when creatinine or eGFR by MDRD was used ( table 2 ). Figure 1 shows the Kaplan-Meier curves for time to event of ESRD or death by hepatitis C status.
Multiple measures of creatinine were used to evaluate the slope of serum creatinine using all available data during the follow-up period ( table 3 ) . After adjusting for baseline creatinine, age, gender, race, MAP, use of ACE/ ARB and hemoglobin, subjects who were positive for hepatitis C had a more rapid decline in kidney function than those who were negative or not tested (overall p ! 0.001). This pattern held true for all three biopsy classes ( table 3 ) . Thus, these analyses demonstrate that hepatitis C-positive patients had a faster decline in CKD (increased creatinine) regardless of the underlying pathology.
Discussion
In the present study, we tested the hypothesis that hepatitis C infection increases the rate of progression of CKD in patients with glomerulonephritis. Our study demonstrated that the change in creatinine using all available data during longitudinal follow-up was substantially worse for subjects with hepatitis C: an increase in serum creatinine of 1.3 mg/dl/year for hepatitis C subjects compared to either hepatitis C-negative or those not tested. This risk was even greater for subjects with diabetic nephropathy. Thus, our study demonstrates that hepatitis C is a risk factor for progression of glomerulonephritis. Our results also demonstrate that hepatitis C positivity increased the risk of developing ESRD or death and resulted in a faster decline in kidney function over time, even after adjustments for the underlying renal pathology. The risk of death/ESRD was decreased by 50% in hepatitis C-negative patients compared to hepatitis C-positive patients. This difference was even greater for subjects who were not tested for hepatitis C compared to hepatitis C subjects. These results were, however, attenuated by blood pressure (in the creatinine model but not MDRD model) and hemoglobin (in both creatinine and MDRD models), which are factors that may impact the progression of CKD, although this has not been specifically tested in patients with hepatitis C. In both analyses, subjects who were not tested for hepatitis C did better. While higher baseline GFR is certainly one explanation, it is also possible that these individuals were considered by their physicians to be less likely to engage in risky behavior and therefore may have been more compliant with other medications and possible other behaviors such as smoking cessation, exercise and dietary compliance.
There is a higher prevalence of hepatitis C in CKD and dialysis patients [9] , and our results suggest a worsening of CKD with hepatitis C. In our previous study [10] , we showed a significant decreased risk of CKD in hepatitis C patients by cross-sectional analyses after adjustment for risk factors of CKD like age, baseline eGFR, diabetes and hypertension (OR: 0.69, 95% CI: 0.62-0.77). However, these unexpected results were no longer significant in lon- * p ≤ 0.01 for analyses of all three groups (hepatitis C-positive, negative and not done). gitudinal analysis (HR: 0.896, 95% CI: 0.790-1.015), demonstrating that patients with hepatitis C did not have a higher risk of developing CKD. Tsui et al. [12] , using the NHANES database of 366 hepatitis C-positive patients, showed hepatitis C to have an age-dependent relationship with albuminuria, but also found a reduced risk of patients with HCV having CKD defined as an eGFR less than 60 ml/min/1.73 m 2 (OR: 0.45, CI: 0.24-0.85, p = 0.02). A third study, evaluating 25,782 hepatitis C seropositive and seronegative veterans using the Veterans Affairs Puget Sound Health Care System database also found the prevalence of CKD was lower for seropositive veterans than seronegative veterans (4.8 vs. 6%), but after adjusting for age, race, gender, diabetes and hypertension, seropositive patients had a significantly higher prevalence of CKD (OR: 1.40, 95% CI: 1.11-1.76) [13] . Tsui et al. [12] in another study using the Veterans Administration database showed that patients seropositive for HCV were less likely than seronegative patients to have baseline CKD or a decline in GFR. However, seropositive patients were at a higher risk of developing ESRD and were more likely to experience a rapid decline in GFR when progression to ESRD occurred. This was prominent in patients between the ages of 18-70 years old and those with either a normal GFR or a moderately decreased GFR (30 ml/min per 1.73 m 2 ) according to the MDRD equation [14] . In the present study, we found that hepatitis C positivity increased the risk of death or dialysis when adjusted for baseline creatinine, biopsy pathology, age, gender, race, use of ACE/ARB and the rate of decline in kidney function assessed by creatinine in patients with biopsyproven glomerulonephritis. These findings may explain why there is no overall association of hepatitis C with CKD in the studies by Moe et al. [10] and Tsui et al. [11] , but how patients with hepatitis C are at increased risk of developing ESRD in another study [12] . If the adverse effect of hepatitis C is primarily on glomerular disease progression, then mixed cohorts of both non-glomerular and glomerular diseases may fail to find a relationship. There is also biologic plausibility that hepatitis C may principally impact glomerular disease more, as hepatitis C antigens have been isolated in glomeruli and tubules on kidney biopsies [15] [16] [17] . Additional histological findings include deposition of circulating immune complexes and viral particles in the subendothelium and mesangium [16, [18] [19] . Thus, the adverse effect of hepatitis C on glomerular disease may be due to direct viral-induced damage to the glomeruli and tubules. Whether this is due to increased viral damage in areas of underlying glomerular damage or immunomodulation in hepatitis C that augments underlying glomerular injury is not known. A recent study found that co-infection with HIV and hepatitis C led to an increased risk of CKD and mortality, suggesting that the immunologic mechanisms leading to glomerular disease may be worsened by hepatitis C [20] .
Our study also confirmed other studies that demonstrated that most patients with hepatitis C have DN or FSGS, but not MPGN, simply because DN, FSGS and hepatitis C are all common diseases, especially in inner-city hospitals in the United States. The biopsy type also influenced the effect of hepatitis C on the progression to ESRD or death and progression of CKD. Furthermore, the slopes of change in creatinine over time for the three biopsy groups (DN, FSGS and IgA) were all statistically significant. However, the increase in creatinine was greater in the patients with diabetic nephropathy compared to the other two histologies (FSGS and IgA nephropathy). Two other studies also found that hepatitis C positivity adversely affected diabetic nephropathy [21] [22] . In Japan, Soma et al. [22] examined 2,370 renal biopsies and found the highest prevalence of hepatitis C infection (19.5%) was in patients with DN. Furthermore, the decline in renal function, defined by the slope of reciprocal serum creatinine (1/Scr), was significantly higher in the hepatitis Cpositive DN than the hepatitis C-negative DN group (p = 0.001), and renal survival was worse (p = 0.019) [22] . In a second smaller study [21] , hepatitis C positivity was found to be a significant and independent risk factor for developing ESRD in diabetic patients regardless of the presence of diabetic nephropathy, diabetes duration and initial renal function (OR: 3.49, 95% CI: 1.27-9.57, p = 0.015). Our study in an urban hospital setting confirms these observations in patients with diabetic nephropathy, and extends these findings to FSGS and IgA nephropathy.
There are several limitations to our study. First, our sample size was relatively small and the data was collected retrospectively, which limited detailed information of comorbidities and severity of liver disease. Second, different hepatitis C assays were used during the study period and our study lacked PCR confirmatory hepatitis C testing for all patients. Third, possible bias may have existed as to which patients underwent a kidney biopsy and which patients were followed; patients with a higher creatinine and those who were hepatitis C-positive were probably more likely to get a biopsy. Fourth, we lacked true GFR estimates with iothalamate or other gold standard measurement techniques.
In the present study, we chose to evaluate creatinine rather than the MDRD formula. Creatinine may be artificially low with muscle wasting and altered creatinine metabolism in liver disease and none of the estimating equations have been validated in patients with hepatitis C. As shown in table 2 , we found very little difference in our Cox model when we used MDRD rather than creatinine. However, we did find attenuation of our Cox model with blood pressure and hemoglobin and some differences between creatinine and MDRD when these parameters were added to the model. Blood pressure was only a single measurement, but blood pressure is a known risk factor for acceleration of kidney disease and the effect may mask any affect of hepatitis C. Hemoglobin also attenuated the effect of hepatitis C. This result is more surprising given the relatively normal levels of Hgb (11.8 mg/ dl) and no obvious differences between groups at baseline. The effect of hemoglobin on progression of CKD is currently controversial, especially when the hemoglobin is altered with erythropoietin-stimulating agents. Unfortunately, we did not have information on erythropoietin use.
Our study has several clinical and research implications. Current Kidney Disease Improving Global Outcome (KDIGO) guidelines recommend HCV screening if patients fulfill criteria for having risk factors for HCV [23] for patients initiating dialysis, and possibly for patients who have evidence of glomerulonephritis [9] . Our previous data do not support routine screening for hepatitis C as a method to identify patients at risk for CKD [10] . However, the present study does support routine screening for hepatitis C in patients with underlying glomerular disease, as this may identify patients at risk of progression of CKD to ESRD or death. However, future randomized controlled trials are needed to investigate whether treating HCV may alter the progression of CKD in patients with known biopsy-proven glomerulonephritis.
